Background: The Bethesda system is a uniform reporting system for thyroid cytology that facilitates the clarity of communication among cytopathologists, radiologists, and surgeons and facilitates cytohistologic correlation for thyroid diseases. Objective: This study was carried out to evaluate thyroid lesions by fine-needle aspiration cytology (FNAC) based on Bethesda system of reporting and to correlate the cytological findings with histopathology. Materials and Methods: A total of 606 patients with thyroid lesions were studied by FNAC at our institute between January 1, 2006, and January 31, 2016, and results were compared with histopathology wherever possible. Results: Based on the Bethesda system of classification of thyroid lesions, out of 580 satisfactory samples; 501 lesions were diagnosed as benign (Group 1), five were in category of atypical follicular lesion of atypia undetermined significance (Group 2), 55 were diagnosed as suspicious for follicular neoplasm (Group 3), 7 as suspicious for malignancy (Group 4), and 12 cases were malignant (Group 5). 26 aspirates were nondiagnostic even after reaspiration. In the present study, cytohistopathological correlation was done in 148 benign and 18 malignant lesions. The sensitivity of FNAC was 85.7%, specificity 98.6%, and diagnostic accuracy 97.7%. Conclusion: Reviewing the thyroid FNAs with the Bethesda system for reporting allowed precise cytological diagnosis. It represents standardization and reproducibility in reporting thyroid cytology with improved clinical significance and greater predictive value. Nature of the disease, experience of cytopathologist, and understanding of certain limitations determine its diagnostic utility.
Introduction
The incidence of clinically apparent thyroid swellings in the general population is 4%-5%. [1] Majority of these swellings are benign in nature, among which goiter being most common. The prevalence of goiter is more than 40 million in India with more than 2 billion globally. [2] The incidence of thyroid cancer in nodules varies from approximately 0.1%in the general population to 20% in surgically biopsied nodule. [3, 4] Fine-needle aspiration cytology (FNAC) of the thyroid gland is now a well-established, first-line diagnostic test for the evaluation of diffuse thyroid lesions as well as of thyroid nodules with the main purpose of confirming benign lesions and thereby, reducing unnecessary surgery. [5] Thyroid cytology can provide a definite diagnosis of malignancy, with tumor type, enabling appropriate therapeutic surgery in one
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercialShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com stage. It can triage the remaining patients into those who potentially require surgical as opposed to medical/endocrinological management. [6] Role of thyroid cytology is twofold: Therapeutic and diagnostic. [7] Patients got relieved from compressive symptoms after aspiration of fluid from their thyroid swellings, thus serving a therapeutic function. Thyroid swellings that are considered for FNAC include diffuse, firm, palpable, solitary nodules, nodules associated with suspicious clinical or ultrasonographic features, dominant nodules in a multinodular goiter, recurrent cystic nodules, and nodules associated with palpable lymph nodes. [8] However, limitations in FNAC due to scanty sample, vascularity of thyroid swelling, variation in sampling technique, and skill of the performing expert as well as the experience of pathologist interpreting the aspirate do pose a problem in definitive diagnosis. [9] Previously, thyroid FNAC had a reporting confusion due to multiplicity of category terminologies. To overcome this, The Bethesda System For Reporting Thyroid Cytopathology was introduced in 2007 at "Thyroid Fine Needle Aspiration State of the Science Conference" held in Bethesda, Maryland, for unifying the terminology and morphologic criteria along with the corresponding risk of malignancy. [10] 
Aim
The aim of the present study was to assess the diagnostic utility of the Bethesda system of reporting thyroid cytology and to find out the accuracy of FNAC by comparing the results with histopathology.
Materials and Methods
A cross-sectional type of study during the 10 years period, from January 1, 2006 to January 31, 2016, was conducted in the Department of Pathology with approval from ethical committee of our institute. All patients having clinically palpable thyroid swellings, irrespective of their age and sex, were included in the study. Exclusion criteria were (1) patients not willing for FNAC of thyroid lesions even after explaining the purpose, utility, and consequences of the procedure, (2) lesions of parathyroid, lymph nodes, and other surrounding structures.
For retrospective study, the records of the patients who have undergone FNAC of thyroid were collected from the files. For prospective cases, before FNA, clinical history, physical findings, and provisional clinical diagnosis was noted in a pro forma. Written informed consent was obtained from all the patients. FNAC was done under aseptic conditions using 23G needles with 10 cc or 20 cc disposable syringes. Two to three passes were made. If the swelling was cystic, fluid was aspirated. The material aspirated was immediately transferred onto glass slides, half of which were air dried and half alcohol fixed for Giemsa stain and Papanicolaou stain, respectively. Stained smears were evaluated according to Bethesda system of reporting thyroid lesions. Smears were considered adequate for evaluation if it contained at least six well-preserved and well-stained follicular groups, each containing at least ten cells. In cases of colloid cysts, abundant thick colloid obtained was considered as adequate for diagnosis, irrespective of a minimum number of follicular cells. Smears showing atypical cells were never considered inadequate, regardless of cellularity. Subsequent histopathologic examination was done in 171 cases. For retrospective cases, paraffin blocks and slides were retrieved from the Department of Surgical Pathology and reviewed. For prospective cases, all surgical specimens were received in 10% neutral buffered formalin. The findings of gross examination of surgical specimens were noted. Tissues were processed; sections were cut by microtome and evaluated after staining by Hematoxylin and Eosin method. Analysis of various thyroid lesions in relation to age and gender was done, cytohistological correlation was done in all 171 cases, and diagnostic accuracy of FNAC was calculated.
Results
A total of 606 patients were included in this study, of which 81% were females and 19% were males with F:M ratio 4.2:1.The age of presentation ranged from 2 years to 87 years with a mean age of 37.6 years. Most of the patients (n = 458) were in age range of 21-50 years accounting for 75.5% of the total cases. The youngest patient was of 2-year-old and diagnosed as having thyroglossal cyst, whereas oldest patient was 87 years old and diagnosed as having non-Hodgkin's lymphoma. Majority of cases presented with thyroid swellings (n = 532) that moved with deglutition. Out of 606 cases, 15 swellings moved up with both deglutition and protrusion of tongue which were later confirmed on cytology and histopathology as thyroglossal cysts. A few patients complained of pain and difficulty during swallowing or breathing. All the patients tolerated the FNA procedure well without any complications.
On gross examination, the majority of thyroid aspirates were hemorrhagic (37.9%), followed by colloid-like aspirate (29.8%), and cystic fluid (27.3%). Majority of cases (78.87%, n = 478) yielded good cellularity on FNAC done in the first attempt whereas in 83 cases (13.69%) more number of needle passes were tried. In 45 cases (7.42%), we did not have any data about the number of passes taken. Out of total 606 aspirates, 580 were satisfactory for interpretation based on Bethesda system of classification of thyroid lesions while 26 aspirates were unsatisfactory.
According to routine cytological reporting, more than half the numbers of cases in the present study were diagnosed as goiter (57.41%, n = 333) which also included goiter with cystic degeneration or other secondary change as well as nodular goiter. Second most common lesion diagnosed was colloid cyst (10.34%, n = 60) which also included one case of infected cystic lesion. Among other benign lesions, lymphocytic thyroiditis accounted for 8.10% (n = 47), adenomatous goiter/hyperplastic nodule 6.9% (n = 40), thyroglossal cyst 3.28% (n = 19), Hashimoto's thyroiditis 2.59% (n = 15), and granulomatous thyroiditis 1.21% (n = 7). Among malignant lesions, 7.07% cases (n = 41) were diagnosed as follicular neoplasms (FN), 2.24% (n = 13) as papillary carcinoma, 0.52% (n = 3) as medullary carcinoma, and 0.34% (n = 2) as anaplastic carcinoma.
According to the Bethesda system of reporting thyroid lesions, nondiagnostic category (Group 1) included 26 cases (4.29%), and histopathology was not available in any of the case of this category. Out of 580 satisfactory samples, 501 (82.67%) cases were diagnosed as benign (Group 2), 5 (0.82%) cases were in the category of atypia of undetermined significance (AUS)/atypical follicular lesion of undetermined significance (Group 3), 55 (9.07%) cases were diagnosed as suspicious for microscopic photographs of various thyroid lesions. In the present study, most common benign lesion (n = 64) on histopathology was goiter including colloid cyst, simple colloid goiter, nodular goiter and multinodular goiter; followed by goiter with secondary change (n = 51) and then follicular adenoma (n = 12). Out of 21 malignant lesions, ten (48%) were follicular carcinoma being the most common one, followed by six cases of papillary carcinoma (28%), four cases of medullary carcinoma (19%), and one rare case of non-Hodgkin's lymphoma. Table 1 shows cytohistological correlation of thyroid lesions.
Out of 21 histologically proven malignant cases, 18 were malignant on cytology also. There were three such cases which were benign on cytology but turned out to be malignant on histopathology; One case of nodular goiter diagnosed on cytology proved to be follicular carcinoma on histopathology; one case was reported as goiter with cystic degeneration on cytology but diagnosed as papillary carcinoma on histopathology and one case was reported as adenomatous goiter on cytology but proven to be medullary carcinoma on histopathology. False-negative error rate of FNAC was 1.8% in the present study.
Out of 150 histologically proven benign/nonneoplastic cases, 148 were benign/nonneoplastic on cytology also. Two cases were reported as FN on cytology and were diagnosed as multinodular goiter and lymphocytic thyroiditis, respectively, on histopathology; hence, the false-positive error rate of FNAC was 1.2% in the present study. Seven cases of FN were diagnosed as follicular adenoma on FN (SFN) (Group 4), 7 (1.15%) cases were suspicious for malignancy (SM) (Group 5), and 12 (1.98%) cases were malignant (Group 6).
• histology, and eight cases of FN were diagnosed as follicular carcinoma on histology. Since diagnosis of carcinoma needs histopathological evidence of capsular/vascular invasion by the tumor; hence, this was taken as a positive correlation only. There were two cases of FN which were diagnosed as medullary carcinoma on histopathology. Table 2 shows malignant risk for each Bethesda category in 171 cases. In the present study, positive predictive value, negative predictive value, false-positive error rate, and false negative error rate of FNAC were 90.0%, 98.0%, 1.2% and 1.8%, respectively, whereas the sensitivity, specificity, and accuracy of FNAC for the detection of malignancy were 85.7%, 98.6%, and 97.1%, respectively. Table 3 shows comparison of sensitivity, specificity, and accuracy of thyroid FNAC reported in present study with various previous studies. 
CC-13
Colloid GCD/secondary change-50
MNG-3
Thyroglossal cyst-7
Nodular colloid goiter-17
AHG-8
HT-4
LT-3
FA-4
FC-1 (false negative)
PC-1 (false negative)
MC-1 (false negative) Table 3 : Comparison of sensitivity, specificity, and accuracy of thyroid fine-needle aspiration cytology reported in various studies
Author's name Year of publication Number of cases Sensitivity (%) Specificity (%) Accuracy (%) El Hag et al. [11] 2003 303 86.7 97.6 -Sangalli et al. [12] 2006 5469 93.4 74.9 95.4 Aravinthan et al. [13] 2007 110 80.2 87.2 98.0 Guhamallick et al. [14] 2008 288 92.7 98.2 -Handa et al. [15] 2008 434 97 100 -Mandal et al. [16] 2011 120 90 84.6 -Bamanikar et al. [17] 
Discussion
FNAC is a safe, simple, and inexpensive technique that has emerged as a valuable and popular adjunct in the diagnosis and management of various thyroid lesions. In the present study, cytological features of thyroid lesions were studied according to Bethesda system of reporting and correlated with histopathology, wherever available, to determine its diagnostic accuracy. Male:female ratio was 1:4.2 and majority of the cases were reported in the age group 21-50 years with a mean age of presentation 37.6 years. The findings are comparable to the studies of Handa et al., [15] Mandal et al., [16] Bamanikar et al., [17] and El Hag et al. [11] It is a well-known fact that thyroid lesions are most commonly seen in middle-aged females. [18] The repeat aspiration was done in 83 cases (13.7%) due to sample inadequacy, poor preparation, cystic lesions, suspected neoplastic lesions, or bigger lumps. The inadequacy of material can be attributed to inexperienced aspiration techniques. The number of needle passes was restricted to <3. Multiple/repeat aspirations led to hemorrhagic smears as thyroid is a highly vascular organ. [19] Jayaram and Orell et al. [19] suggested that the average number of needle passes recommended for adequate sampling of thyroid lumps is two to five. As thyroid gland is a highly vascular organ, with each impending trauma the chances of aspirating hemorrhagic fluid rises each time, so they advised to keep the number of aspirates to minimum. Repeat passes were reported by Mandal et al. [16] and Mondal et al. [20] in 5.5% and 6.76% of their cases, respectively. So comparatively, repeat passes were more in the present study.
In the present study, 96% (n = 580) cytological smears were satisfactory for evaluation whereas 4% (n = 26) were inadequate for interpretation, which is comparable to most of the previous studies and closest to Sangalli et al. [12] Most of the authors believe that cellularity criteria for adequacy also vary depending on whether the aspirated lesion is solid or cystic and whether aspirate was performed under palpation or ultrasound guidance. All thyroid FNAs must be technically adequate, with well-preserved and well-prepared thyroid follicular epithelial cells for interpretation. Aspirates that contain only cyst fluid and erythrocytes are inadequate.
The present study reported 4.3% aspirates as nondiagnostic or unsatisfactory which correlates with studies of Yassa et al. [21] and Nayar and Ivanovic, [22] who reported 7% and 5% unsatisfactory smears in their studies, respectively, whereas Jo et al. [23] reported much higher percentage (18.6%) of nondiagnostic/unsatisfactory smears in their study. Usually, an ultrasound-guided FNAC is performed for small nodules or nodules that appear heterogeneous on palpation and cytopathologist himself performs the procedure of FNAC, thereby ensuring a lower percentage of cases in nonsatisfactory category as well as giving a better quality of adequate aspirate.
There was good correlation of incidence of benign thyroid lesions reported in the present study with that of Mondal et al. [20] The reason of higher number of benign cases is that patients usually come directly to the tertiary care center without any reference. Hence, the present study group is a representative of general population. On the other hand, Jo et al. (59%), [23] Yassa et al.(66%), [21] and Nayar and Ivanovic (64%) [22] have reported lower incidence of benign thyroid lesions in their studies as compared to the present study.
There were less number of cases (0.8%) diagnosed under category AUS/AFLUS in the present study which could be explained by the strict adherence to diagnostic criteria and the cytopathologist's efforts in our practice setting to avoid ambiguity and keep the use of AUS/AFLUS to a minimum. Mondal et al. [20] have also reported lower percentage of AUS/AFLUS (1%) in their study because they strictly adhered to diagnostic criteria and they also had large sample size. Jo et al., [23] Yassa et al., [21] and Nayarand Ivanovic [22] have reported 3.4%, 4%, and 8% lesions as AUS/AFLUS in their studies, respectively. Thyroid lesions categorized as "SM" in the present study were 1.9% of total cases. This finding is in concordance with the study of Mondal et al., [20] who have reported 1.4% thyroid lesions as SM, while Yassa et al. [21] have reported much higher number (9%) of cases as suspicious of malignancy in their study. Nayar and Ivanovic [22] and Jo et al. [23] have reported 2% and 2.3% cases, respectively, as SM.
Out of 606 thyroid FNACs over 10 years, 171 cases underwent surgery. By the Bethesda categorization in six categories and corresponding cytohistopathological correlation, the malignancy-risk of each category was obtained in 171 cases as shown in Table 2 . On histopathology, 21 out of 171 cases were malignant. Maximum cases (142/171) were from the benign category of Bethesda system, with goiter as most common histopathological diagnosis. One case each of follicular, medullary, and papillary carcinoma were diagnosed as benign on cytology making them as false negative with malignancy risk of 2.11%. The AUS/AFLUS category included two cases which were both benign on histopathologic study with 0% malignancy rate. The category of SFN included 18 cases, out of which 9 cases were malignant on histopathology. There were two false-positive cases with cytological diagnosis of FN and histopathological diagnosis as multinodular goiter and lymphocytic thyroiditis respectively, bringing down the malignancy rate to 50% in our study. The category of SM included only three cases both of which were malignant on histopathology with malignancy rate of 100%. The malignant category included six cases which were confirmed as malignant on histopathology in 6 of those cases with malignancy rate of 100%. Out of 171 cases, there was not any single case under nondiagnostic category.
Results of various case series reported by previous authors showed the sensitivity of thyroid cytology ranged widely from 50% to 97%. In the present study, sensitivity of thyroid cytology was 85.7%. On the other hand, specificity of thyroid cytology ranged from 74.9% to 100% in different case series. In the present study, the specificity of thyroid cytology was 98.6% which is comparable to the other studies and closest to reported by Guhamallick et al. [14] The accuracy of thyroid cytology reported by previous authors ranged from 64.6% to 99%. In the present study, the accuracy of thyroid cytology was 97.1% which is comparable to the other studies and closest to reported by Aravinthan et al. [13] The present study showed that Bethesda system of reporting thyroid cytology is standardized initial modality for diagnosing different thyroid lesions. It can detect benign and malignant lesions thus avoid unnecessary surgery for benign thyroid lesions. However, a study over a larger population would provide more information about the merits and demerits of the Bethesda system.
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